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Given the Gibb's potential in the following form
and assuming a priori that the inelastic strain is an independent parameter (and not an internal state variable) for example,
an expression for the total strain rate can be obtained by differentiating:
The three terms in equation ( Consequently, the Gibb's potential may be written as
and the dissipation potential as
where (J' ) 
and the internal state variable constitutive laws relating the associated rates of the thermodynamic variables and their respective conjugates are
with Q1, Q2, and Q3 being distinctly different operators. The evolutionary laws for the thermodynamic conjugate variables are then obtained from equation (9):
.Ak,=t_,
And the respective compliance operators from equation (11) are
(33)
with Iijkl = _ik6jt. Finally, inversion of the compliance operators results in
An examination of the evolution of the conjugate of the internal stress (i.e., the internal strain, ,40), The evolution of the conjugate of the drag stress (i.e., the internal drag strain, K;), equation (31), is driven by three energy sources. The first is the dissipated plastic work (S Od_j), and the second and third, respectively, are the energy changes due to internal structure (dislocation) rearrangement (ao_ 0) and the yield related dislocation density contribution (Y y). The static recovery terms (z(Y) and z(t¢)) also evolve with time and are thermally induced.
Finally, from equation (32) one can see that a scaled plastic strain (lid[ill) is driving the evolution of the conjugate of the yield stress (i.e., the internal yield strain, 3)) and is in direct competition with a thermal recovery term z(Y). 
Specializations
which can also be rewritten as
The second class of models, those containing a threshold surface wherein the drag stress is held constant (_ = _o), is obtained by assuming (29). Finally, the third class of models, those models that possess a threshold surface but which assume that both the yield and drag stress are proportional (Y oc s), can be represented by F= (45) with the associated evolutionary laws given by equations (30) and (40).
Here, the specific form to be investigated will be an internal (or back) stress model of the third class
with the flow law given by equations (25) and (26) 
_= 2s(p+1)(2p+1) ]_ = 0),the model will predict a purely nonlinear hardening response with no secondary creep regime and no internal recovery occurring below the line ac, (see Fig. 4) . Alternatively, at elevated temperature both secondary creep and internal recovery are predicted. Second, when strain-induced recovery is present (i.e.,/3 _ 0) and T,n is still low (_ = 0), secondary creep can occur. However, no internal recovery will 0 I take place below the line node, owing to the inclusion of the inequalities on c . Also, observe that for 9¢ = 0 the locus of steady state is linear, whereas for g _ 0 it is a nonlinear function of internal stress (&) (see line ab in Figs. 1 to 6 ). Using the evolutionary law in equations (68) and considering a case wherein strain-induced recovery is removed (/3 = 0), we can show (see Fig. 7 ) the effect of increasing the thermal recovery term R (i.e., increasing the temperature) on the relaxation trajectory labeled fa in Fig. 1 . Note that g has no effect on the initial relaxation rate, but rather moves the location of the stationary point (steady state creep) up and to the left as indicated by the movement of point g. Furthermore, if _ = 0, g becomes not only a fixed point in creep, but one in relaxation as well. Also for any nonzero R value we see that the internal stress can, given sufficient time, return to zero, whereas the stress supported by the material will return to the initial threshold stress _o.
Assuming the presence of strain induced recovery mechanisms (i.e.,/3 _ 0, see Fig. 8 ), we see that even when thermal recovery is not present (i.e., 9¢ = 0) a stationary point in creep will now exist (see point g in Fig. 8 ). Also the line ac and de of fixed points in relaxation become curved and shifted, respectively, as compared to Fig. 7 . As in figure 7 , again we see that including/3 and varying g does not affect the initial relaxation rates (path f to g) until, the point g associated with steady state creep is approached and traversed. The initial relaxation rate is, however, greatly affected by changes in the nondimensional parameter B as clearly shown in Fig. 9 where B is varied by two orders of magnitude while/3 and 9g are held fixed at 0 and 10.535, respectively. Note that because of this change in initial hardening, the location of steady state moves along the locus specified by equation (69) since the applied and internal stress reached increases with increasing values of B.
In summary, from the viewpoint of the state space representations the most notable features of the present modified model with combined thermal and strain induced recovery are 1. A finite, elliptical elastic zone that encloses the origin and whose shape is rationalized and suggested by Onat in his extensive discussions on state space [3, 19] 2. In creep, the inclusion of strain-induced recovery with an appropriate selection of/3 allows for the occurrence of steady state creep outside the elastic zone, even without thermal recovery.
3.
In relaxation, at low temperatures (g = 0), the present form of the strain induced recovery term results in an asymptotic stress value greater than go that is reached within a shorter time interval. (Note, Robinson's original model, with thermal recovery only, will always saturate to a value equal to go, given sufficient time.)
Uniaxial Tensile and Cyclic Response
Figures 10 and 11 show the predicted tensile response of the present modified model if we assume no strain recovery and three different rates of loading (i.e., g= 0.001, 0.01 and 0.1/hr.) for a low homologous temperature (i.e., g = 0; see Fig. 10 ) and a high homologous temperature (i.e., 9_ = 10.535; see Fig.  11 ). Notice that at a high homologous temperature the tensile response flattens and gives the appearance of perfect plasticity, whereas at room temperature the response continues to harden within the range of stress investigated. Also, as the rate of loading increases so too does the apparent elastic stress range.
Introducing strain recovery (i.e., /3 _ O) and maintaining g = 0 (e.g., room temperature) causes the response once again to flatten or saturate to a given level of applied stress (see Fig. 12 ). This clearly illustrates the proposed modified model's tremendous flexibility in modeling the tensile response over a wide temperature range. Note that the "knee" of the stress-strain curve is much smoother when strain-induced recovery is present (el. Figs. 11 and 12 ). Almost identical stress-strain histories are predicted, except for the slightly lowered asymptotic stress level, when both strain and thermal recovery mechanisms are assumed to be active (see Fig. 13) ; as compared to the case when only strain-induced recovery (Fig. 12) is active. However, comparing the case in which only thermal recovery mechanisms are active (Fig. 11) to that in which there is both thermal and strain-induced recovery (see Fig. 13 ), we see a significant drop in saturated stress levels.
Finally, Fig.
14 demonstrates the cyclic behavior of the model if thermal recovery and varying levels of strain-induced recovery (i.e., // = 0, 0.5, 1.0) are assumed. Clearly, as the contribution of strain recovery is increased, the maximum attainable stress level is reduced. This is consistent with the monotonic tensile response predicted earlier.
Multiaxial
Tension-Torsion Response
Returning to the multiaxial statement of the proposed modified model given in equations (53) to (63) and assuming that the strain-induced recovery term is zero (i.e., // = 0), one can quickly conclude that the only difference between the present modified model and that put forth previously [4,14] is the presence of the compliance operator (Qlijkl).
The question now becomes whether this operator will have a significant impact on the stress-strain response under multiaxial load histories (recall that the uniaxial response is unaffected by the presence of this compliance operator).
To this end, we will examine the effect of this operator under specialized multiaxial load cases, the first one consisting of a proportional tension-torsion history and the second, a nonproportional tension-torsion history (see schematic in Fig.  15) . In both cases, stresses will be applied until a specified j_ value is reached and then that stress state will be held fixed for a given length of time.
Considering
a proportional load path (i.e., _"= A_) one can show both analytically and numerically that an identical strain response will be generated for both Robinson's model [4] (i.e., eq. (36) with the second term discarded) and the present modified model (Fig. 16) . Figure 16 shows the magnitude of inelastic strain (as defined by eqs. (26) and (54) • Inclusion of strain-induced recovery affected the stress level at which steady state creep occurred for a given internal stress level, the limit stress under both monotonic and cyclic loading, the saturation stress in relaxation, and the elastic domain within the state space.
• Neither uniaxial nor proportional loading histories were affected by the inclusion of the compliance operator; however, with multiaxiality the response due to nonproportional loading paths was sisnificantly influenced.
In light of the forgoing, an important task to consider as future work is the development of an appro- 
